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ENERGY HAVINGS OBTAINABLE THRUUGH PASSIVE SOLAR TECHMIQUES

J. Douglas Balcomb
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Los Alamos, New Mexico, 87545, Uxi\

ABSTRACT

A passlve solar energy system is one In which the thermal energy flov is by
n~tural means, that is by radiation, conduction, or natural convection. The
purpose of the peper 1s to provide a survey of passive solor heating experience,
especially in the U.S., Deslign approaches are reviewed and examples shown.
Misconceptions are discussed. Advantages are listed., The '.os Alamos program of
performance simulation and evaluation is described and a simplified methoa ot
performance estimation is outlined.

INTRODUCTION

During the perlod of 1976-1979 passive solar heating of tuildings emergeg rather
suddenly within the Uniteg States from the status of a curlosity to recognition
as one of the most practical and effective means of using solar energy. Many ot
the factors which have caused this to happen are also present in Portugal ang it
would seem that such an awakening might also be possibl: here. Passive solar
ofters a slmple, economical, comfortable and rellahle maans of bullaing heating
that Is particularly suitable to the range of latitudes where most ot the
Portuguese population resides, The bulk of the heating loads can be easily
offset by solar gains through effective architectural use of materlals normally
employed {n construction.

ey careful conslderation of bullding orlentation, treatment of glazlny, storage
of excess heat in bullding mass, shading, ana ventllatlon, a bullding can be
designed to be quite climatically adgaptive, ahsorbing solar gains during a
winter gay and storing through to the night and yet rejecting summer sun,
Passive couling effects can also be achleved by control of raulation losses,
evaporatlon, ventilation, and especially the use of bullJing mass heat capacity
to averagr diurnal temperature swings thus reducing afternoon overheatling.

THE U.S. EXPERIENCE

Ny 1976 a handful of experimental hulldings had been built based on very
explicit passive solar heating concepts. These were lsolated and almost

#work performed under the ausplices of the U,S. Department of Loergy, Uftice of
Solar Applications,



independent designs based more on physical intuition than mathematical

analysis. They were located in such varied places as the Fyrenees of southern
France, the New tngland and Southwestern parts of the U.5. andJd Liverpool,
England. There had been several prior passive buildings by Morse in
massachusetts, Keck In the midwest U.5., ang the M.1.7. researchers but they hag
gone largely urheeged.

The period from 1972 to 1976 saw an interse Interest in active solar energy
development in response to energy curtallments and a sudden general awareness of
the finiteness of world energy supplies. This led to major U.5. federal
government expenditures in solar energy and the emergence of a solar industry
comprised primarily of small business. By the end of 1978 the total number of
sular Installations was estimated to be 100,000 dominated by swimming pool ana
domestic hot water heating applications. However, little nole was taken ot
passive solar approaches in a rush to commercialize solar through the
establishment of an Inaustry which saw little to gain through promotion of
passive concepts.

Almost In parallel with the active system effort, a1 sma]l but Jetermined group
began an investigation of passive solar approaches. A series of three
well-attended mational passive solar conferences was held in the U.3. in May
1976 (Albuguerque, New Mexico), In March 1978 (Philadelphia, Pennsylvania), and
January 1979 (San Jnse, California). Tr2 proceedings of these conferences
(1,7,3) plus several papers given at annual conferences of the ISES, American
Section (4, 5) contain a wealth of sclentiric information on passive system
analyses and performance evaluation:. Second and third generation assive solar
buildings hove been bullt and reported. A growing enthusliasm for passive
approarhes has emerged strongly supported by reclonal solar emergy assoclations,
architects, yrassroots and alternative energy groups, appropriate technology
enthuslasts, and ecologists.

The last few year: have been characterlred by a piethora ot energy studies and
policy reviews, Virtually every such study reported in 1979, including the
much-vaunted governmental Intercgency Domestic Policy Revlew, iac <trongly
recommended that major attention be glven to passive solar heating. lik
Department of Energy (DOE) has singled out two solar technologles to be
emphasizeo In a major conmerciallzatlon prcgyram: water heating and passive
space heating. The Depactment of Houslng unu Urban Development conducteu a
special Passive Solar Design Competition for reslidential housing anc awarded
$1,300,000 in prizes te 162 of the 550 applicants that qualitied. The research
and development budget tor passive solar heating and cooiing has grown trom
$135,000 in 1975, to $470,000 in 1976, to $2,800,000 in 1978 to a jrlanned $a4.2
million in 197y, ard $16.2 million in 1980.

PASSIVE SOLAR i 5IGN APPROACHES

A passive solar energy system Is one In which the thetmal energy flow as by
mtural means, thet {s by radiatlon, conduction, end matural convectlun,
Passive systems are istinjuished from active s, ,tems by the absence of a
mechanical pump or far needed to force the flow of 4 beat exchange fluld.  In
most, hut not all cases, a passlve system s very strongly Incegrated into tiw
architecture of the bullding.  Often, the materials of the buliluing serve a dual
purpose. For example, an equatorialiy oriented wlndow serves to colloct the
qin's heat and also provides both visual access to the vutside and natutal

day lighting. Also, the will . of the bulldlog often serve for boil. thermal
storage wd stouctural support,



Two cifferent schemes for classifying passive solar systems have been used. One
is a functional or generic classification in which the relatlonship of solar
gain, thermal stnrage, and the heatud space are classified according to tine
categorles: 1) direct, 2) inoirect, and 3) Isolated. A second classification
scheme, which has been used more often, defines passive system types according
to the physical configuration. In this scheme the bullaings are identifiea
according to the categories, a) direct galn, b) thermal storage wall, c)
attached sun space, d) thermal storage roof, and e) convective loop. Both
classification schemes are very useful and can augment one another; used
together they form a powerful vocabulary for describing various passive dgesign
approaches. These two classification schemes are described in more ogetall below.

Physical Categories

§\< NN

N\
Fig. 1. Direct Gain. Sunlight Fig. 2. Thermal 5torage wall. 3unlight
enters the heated space, is convarted penetrates glazing and ls absorbed ana
to heat at absorbing surfaces, und converted to heat at a wall surface in-
is dispersed throughout the space terposed hetween the glazing ana the
and to the varlous enclosing sur- heated space. THe wali is usually
faces amd room contents, masonty {(Trombc wall) or containers

filled with water (water wall), although
it might contain phase-change material.

Y
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Mias Wall

Flg. 3. Attached Sunspace, This Is & Fig. 4. Trermal Storage Roof. 1Thl+ |»
combimatlon of direct galn and thermal similar to the thurmul ctorage wall ex-
storage wall apuroaches, 1he bulldlng cept that the interpoved therma)
ronsists of tw thermal 7zones; a dlrect- storage mess is lumted on the builoing
oaln "sunspace” and an Indirectly heatrd roof.

space, separated by a tiwrmal storage

wall, The "aunspace” {5 most frequently

used as a greenhouse In which case the

system s called an "nttached greenhouse”

or "salar greenhouse,”



Fig. 5. Convective Loop. 1his approach
is most akin to conventional ac*ive

' N systems in that there iIs a separate
N \ collector and separate thermal storage.
\ It 1s a passive approach, however, be-
N cause the thermal energy flow is by
% ), ; natural convection.
4

GENERIC CATEGCRIES
1. Direct . Same as above, Fig. 1.

2. Indirect. Sunlight Is absorbed and stored by a mass Interposed between the
glazIng and the conditicned space. The conditioned spaco is partially enclosed
and bounded by the ihermal storage mass so that a strong matural (and
uncontrollied) thermal cowling is achleved. Examples of the lnuirect approach
are the thermal storage wall, thermal storage roof, and the northerly room of the
attachec¢ sunspace, as deplcted In Figs. 2, 3, ana 4.

3. lsolated. This iIs an indirect system except that there is a aistinct thermal
separation (by means of either insulation or physical separation) between the
thermal storage and the heated space. The convective loop, as depicted in Fig.
9, Is In thls category. The thermal storage wall, thermal storage roof, ana
attached sunspace approaches can also be made into isolated systems by insulating
between thermal storage and the heated space.

Discussion

The physical categories listed above are frequently used in Jescriptions or
passive systems because they are caslly visuallzed and most quickly convey the
concepts and physlcal principles embodled in the most common passive Jesligns.
However, they lack generality and a large catalog of dlfferent aporvaches ang
associated physical gescriptions can be expected to emerge. The generlc
cateqorles are so general In nature t'wi they can be expected to survive as
useful ways of describing quite a broa. range of concepts. Furthermore, they
aprly with equal rase to natural cooling coincepts as well as solar heating,
whereas all the physical categories 11:t.. above, except the thermal sturage
rocf, are speciflcally solar heating corvipts. Reguctions in coolling lead, Jue
to added mass It the bullding, may well b an added benefit, but this does not
usuaily drive th» design. Addition of ventilatlon coollng by means of a
thermally driven matural convectlon chimney may also be Incorparated.

These descriptive categorlizations overlap but can be used together. For examole,
one culd easlly refer to a mix of Isolated therma) storesge water wall 2ng
convertive loop--such a cambination has, in fact, heen Fullt ang shown to work
well,

Hybrid Systems

Combirmations of active and passive dusign approaches are referred W as "hybria?
systems, A common example In the use ot a passive collector such as o greenhouse
in conjunctlon with 1 fan-forced rock bed thermal storage,



MYTHS

Passive colar is mot much understood and a number of misconceptions have grown up
around false notions. Among these are:

1. "Passive solar will work well only in privileged regions, such as the
American southwest." Both experience and analysls refute this. Successful
applications have been demonstrated in frigld wyoming, cloudy and ccld New
England and cloudy, grey Liverpool, England. Calculations for a 45 cm Trombe
wall, used with night insulation, indicate the following energy savings:

Heating load Solar Heating Net _Yiela

Latitude  OC-days Fraction  kwhr/m®-yr
Boston, Massachusetts 420 3130 48% 303
Albuquerque, New Mexico 350 2420 71% 346
Madison, wisconsin 430 4370 42% 370
Seattle, washington 480 2060 54% 268

The area of the wall is 1/4 ¢f the floor area of the house which has a total loss
cocefficient of 2.1 w/OC pir sq meter of floor area (exclusive of the Trombe

wall) and maintaled within {he range of 21.1°C to 26.79C. Building internal
heat sources (people, lights, appliances, etc.) are assumed to account tor

2.79C of the tenperature increase.

?. "Occupants of passive solar bulldings must sacrifice comfort. Temperature
swings are excessive and uncontrollable." Although this certalnly can be the
case, gocd design practice can prevent it. If a large sclar fraction is Jdesired
1In & cold climate, a direct gain bullding can be expectesd to experience clear-day
swings of at least 59C and more likely 100C. However, a thick (45 cm +)
invented Trombe wall wit! thermostatic auxillary backup can provide a very stable
internal environment and at the same time a 70-80% solar contribution. One very
effectlve design apprnach 1s to separate the building into two zones as shown

below.
Y

The alrect-galn Zone 1 will experience ZONE 1
large temperature swings (10 to 15°C o
on a clear day) hut provides a very sult- DIRECT GAIN
ahle space for an al lock entryway, a
transit area, an atrium or a greenhouse.
Zone 2, by contrast, can be very stable

in temperature and Is more suitable as a sungPACE
high-comiort living zone.

ZONE 2
" FFERED BPACK

-
SMALL BWINGS
L ]

UVING BPACK

== SOUTH MASS WALL

Even finer rzoning can be used to locate closets, pantrles, bedrooms, and living
rcoms according to Individual ccafort requirements.

3. "Occupants of passive solar bulluings must be very involved In the uvperat)
of the system.," Agaln, this {s o matter of cholce. One can design in
hand=-operated movable Insulaiion, for examole, or nand-closable vents. They can,
however, he automated on a thermoswait or not used. Most bulldlngs oo rely on
opriing windows for ventilation conling durlng wam, sunny spring andg fall uays
it this Is a natural and familiar aspect of most houses,



4, "Passive concepts are good cnly for new construction, not for retrofit.” In
fact, passive solar is very app:opriate 1n modifications to existing buildings,

and at least one-half of the existing passive applications are retrofits. There
are four particular approaches which are most suitable:

a. Acuing south-facing windows. This provigdes additional direct galn
to a structure which may have very adeguate thermal mass built in,
especially if it is an older building.

b. Adding a solar greenhouse. The attached solar greenhouse is proving to
be a very popular addition, as much because of the added food-growing
potential, natural winter humidity and ambience provided as for the extra
heat.

¢. Adding a convective-loop alr heater outside an existing south-facing
insulated wall. These are lightwelght and inexpensive and are especially
effective bexrause they can be bullt to shut otf at night by means of a
simple pass!ve backdraft damper. They can be used on apartments or other
multi-story structures.

d. Glazlng an existing south-facing masonry wall. Thermocirculation vents
can be cut through or not as odesired, depending on whether the building
currently requires major daytime heating.

A particular advantage to passive solar retrofit applications is that one can do
a little or a lot or do several small aoditions in sequence.

5. "There is no evaluation base for passive solar." while it is true that

there is more data on active system performance, the results from passive
buildings, though less complete, are more encouraging. O-ta from the MIT II test
rooms (1945), the St. Georges School (1974), and the Trombe-Michel Ocelllo house
(1975) have shown very good performance. Performance of dozens of second and
thiid genevation buildings, some well instrumented and some where only meager
evaluations have been made, all show large enerly savings. The pattiern is
consistent and the message hard to misunderstand--the results confirm or exceed
predictions.

6. "The bullding must be fully backed up with a conventional heating system
slzed for the design load." This may be the case In some climates, but the low
peak heating roqulrements of several bulldings incicate that a significant
reduct:on in peak heatlig requirements may be obtained in a passive solar
building. This is adue to two effects:

a) The long time response of a bullding with a low loss coetficlent and a
large mass tending to carry over for three or four days, bridging the gap
between perlods of solar gain.

b) The efficient collection of very low levels of solar radiation even
during adverse weather. There are few days without at least 500 wh/mZ
of Incldent solar radiant energy; with this much irput night-insulated
dc;m]g glazing will be Just neutral al an average ‘.emperature Jdifterence
of 10°C.

ADVANTAGES
Low_Cost
Fxperience to date {n the U.S. is that the incremental add-on installed cost of

passive solar systems generally falls within the ranges lndlcated below, where
the cost Is glven per unit area of collection glazing.



Direct Gain $20-120/m? Thermal storage roof  $100-280/m2
Thermal storage wall $80-200/m2 Convective loop $ 50-80/m2
Attached sun space $50-160/m2

These costs vary depending on where and how the building is constructed, the
rmaterials used, the workmanship and finisning, and whether or not some means are
provided to insulate agalnst losses at night. The cost of night insulation
itself is generally in the range of $20 tc $1J0 per sq meter and is included in
the ranges given above.

One of the reasons that costs tend to be low for passive systems is because the
materials are svailable, the infrastructure requiied for the manufacture and
distribution r © these materials 1s in place, and bullders are familiar with their
use. The most common of these materials are glass, other glazings, ana mason-
ry. Another reason that costs are low is that the passive elements frenuently
serve two fun tlons so that their cost can be written off against both 1unctions.

Ease of Natural Operation

Hich rellability of passive solar designs is attributable to the lack of moving
parts and the use of conventlomal materials. Since there is very little
mechanical equipment there is very little to go wrong. Most of the materials
which are assocliated with passive solar design are normal construction materials
used within the.r normal operating range wh'ch have already been long and well
tested. The two most common materials, glass and masonry, are the elements of
the building which can be expected to last the longest under normal conditions.

Thermal Comfor:

Perhaps the most comfortable way to heat a building is with a large radiant panel
operating at luw temperature. Heat fluxes are relatively low, there are no hot
spots or cold spots to be expected, drafts are ellminated, and there is no
noise. A well insulated room can be heated easily by maintaining any one of the
side or floor surfaces at a temperature no greater than 27°C. A particular
benefit of radiant heating from a side walL surface 1s the natural convection of
alr witnin the room which occurs between the heated surface and the other
slightly cooler surfaces. The convective current is so slow as to be
imperceptible to the occupants of the room but sufficiently strong to maintain
good mixing of the air and prevent stratlficatlon. This type of radiant heating
Is normally associated with the thermal storage wall and direct gain passive
approaches.

It is also well established that it 1s more efficient to heat a space raugiantly
than by teating the air. The effective comfort temperature ls made up abuut
equally by the mean radiant temperature and by the alr temperature. Thus it the
mean radiant temperature can be malntained high then the alr temperature can be
malntained relatlvely low and still achieve a comfortable conagitlion. Thus the
heating of alr which inflltrates the bullding, which accounts for a very
significent fraction of the energy requirements of a moderr well-lnsulated
huilading, will be significantly lcwer in a space which is 'eated precominantly by
radiant energy.

One must be careful In passive solar desligns to avold large cold surfaces within
the room in order to avold the opposite effect Jdescribed above. Large ylass
areas seem especially cold in a room and require relatively high zir temperatures
to offset their depression on the radiant environment. Thus the designer ot
direct gain systers ls led to consider movable insulation systems, drapes, triple
glazing, or other means of protecting the room nccupants from cold glass surtaces.



Few Needs for Certification

For all of the reasons given above there are few needs fcr certification of
equipment used in passive systems. Procedures for certification have already
been established for most of the common construction materials used. Ancd nothing
about the application of these materlais in passive systems should require an
extension of the certificetions now In effect.

However, new passive solar components will be developed--such as glazing
assemblies, movable insulation assemblies, and other packaged devices--which will
require established certifications.

Aesthetic Appeal

Althnugh passive solar bulldings may look different than their more conventional
neighbors, their appearance 1s generally consldered appealing. The nation has
become accustomed to the use of large expanses of glass and often chooses such a
design for aesthetic reasons. Many architectural features such as picture or
clerestory windows and massive fireplace sections ir a bujlding can be turned to
good thermal use simply by properly establishing thelr relationship to the
bulloing geometry and orlent :tion. Many thearmally desirable features such as
shading overhangs and shutters can add to the building's architect.ural varlety.
The avallability of sunlight within the living space opens the possibility of
adding growing plants to the space for the simple joy of their beauty, variety
and ever-changing characteristics.

Although architectural design has never been static, the advent of passive gesign
approaches adds a whole new dimension and synergy to builading design which will
herald a revolution in architectural practice.

Independence

Even in the event of total failure of the backup heating supply and the
electrical service to he building, a well-designed passive solar building will
remain moderateiy comfortable and will never freeze.

PERF ORMANCE SIMULATION AND EVALUATION

The Los Alamos Scientific Laboratory (LASL) program has been a cornerstone of the
Department of Enerqgy research and development in passive solar heating. The
primary objectives are 1) to perform a detalled evaluation of passive solar
heating and 7) to provide a quantitative proceaure which wlll enable building
designers to incorporate passive solar heating into bullding design. The program
consists of four key elements: a) experiments 1n passive solar test rooms,

b) monitoring of passive solar buildings, ¢) computer simulations and system
analysis of passlve solar conceots, and d) development of design tools for
incumporating passive solar concepts into bullding design.

Test Frioms

Fourteen passive solar test rooms have been constructed at Lns Alamos and
detailed data have been taken under very carefully controlle! conditlons. based
on these results valldation of the computer simulation models for Liwrmal storage
wall and direct galn test rooms has nroceeded on sehedule.® 7 Future work wili
concentrate on different design spproaches such as convective loops. attached
sunspaces, and thermal storage roofs, and on the extension of these esperiments
to a varlety of advancod concepts to imprive performance,



Monitored Builldings

Instrumentation has been lnstalled in 15 passive solar bulldings and extensive
data have been taken during two winters' operation. These bulldings represent a
variety of design approaches. Data taken on these buildings allow the extensior
of the computer model validation from single-room test situations to actual
buildings having a varlety of complicating factors due to the more complex
structure and the o~cupancy. Data from three buildings have been analyzed and
the model validatinan process has beer successful.

Computer Simulation and Systems Analysls

The experimental and moriitoring work is tled together and made useful by computer
simulation and analysis. Only through these tools can the results be
generalized, deslgn meiLhods developed, and the effect of both cilmatic factors
and design factors quantified. The mos:. progress has been made in thi~ area.
On:e falth has been established in a mathematical modeling approach, then a
complex computer model can be assembled representing a particular class of
buildings and this model useo for system: studies. These are of two types:
climatic studies and parameter varlations. These studies have been the beckbone
for the LASL effort.

The results of these studies have confirmed that passive solar heating is
practical throughout the range of climates within the Unitea States. The
performance variation between different climate zones is less than might have
been 1magined since passive solar Is shuwn to work effectively in relatively
diffuse solar conditions. when coupled witn an economic evalustion, it has been
established that passive solar heating competes favorably in 1978 on a life-cycle
basis with electrlic space heating in nearly all parts of the United States, with
oil in most places, anc with (regulated) natural gas in some places.

The approach used s to periorm full-year hour-by-hour simulation of the
buildings for ‘rari.us design possibilities for 29 gifferent climates tor which
LASL has detai.ed weather and solar data. The hour-by-hour simulation technigues
can also be used to determine the influence of various design parameters. On
this basis important performance anu economic Jecisions can be made in order to
choose the most appropriate systems fo each climate ana to optimize the designs.

DEVEL.OPMENT OF DESIGN TOOLS

LASL has made significant progress in using the complax models to develop simple
design techniques. To do this the results of mary hundreas of nour-by-hour
analyses are used as a basls for determining corrzlations. Thls has been carrieu
through to completion for two classes of passive deslgns and is underway for the
additional classes. The procedurz was used successfully as the basls for
evaluation of the recent Passive Solar Design Comp=2tition and Demonstration.

Simplifled Method

The technique employed 1s the LASL Monthly Solar Lot:a Ratio method. The
procedure s to determine for each month of the heatingy season a dimenslionless
Solar Loacd Ratio (SLR) defined as:

SLR = (monthly solar radliation absorbed'/(monthly load).
The monthly solar radiation absorbed 1s the total solir energy tronsmitted

through the collection glazing less any that !s reflected back out. The monthly
load is the total monthly heating requirement of the billding In the ahsence of



any sur, Including heat required to satisfy the steady-state load of the solar
collection wall and building infiltration.

It has been determined that the monthly Solar Savings Fraction (S5F) can be
successfully correlated with SLR. Since the monthly SSF may vary statistically
for the same value of SLR, the recommended procedure is to estimate b on
averages. Manth-to-montt variations will tend to average each other ou:. ang the
SLR method will provide a good estimate of the long-term average. The methoa
characteristically produces annual solar savings fraction estimates which fall
within a 3.4% standard devlation of tie hour-by-hour arnual calculaticns.

The correlation curves for SSF *s SLR oo not depend on climate (the correlations
are done for 10 co 29 widely ciffering climates in the U.5. and Canada) but ao
depend on system type. Corre.ation curves have been generated for girect gain,
Trombe walls, and water wallsd both with and without night insulation.
Exporiential functions have been used for the correlations.

For =ach month of the heating season, the ratio 5/DD !s detemmined, where S is
the total moithly solar radlation transmitted through one square meter of south-
farlno. vertical dowle glazing and DD is tne base 18.3 C heating degree Jdays.
Then the Solar Savings Fraction (SS) is determined for each month as follnws:

SSF =1

X

K (1-F), where

A X, for X <R

B - C exp(-DX), for X > R
1.C00 for large X.

mAaMma

AN

1 + G/LCR
r5/00) /(LCR x K)

and where

»x X

(X is the "Solar Load Ratio")

building load coefficlent, exclusive
LR = of solar vlazing
- solar rcollection area

(LCR 1s the "Load Collector Ratio")

Constants for the varlous passlve system types are as follows:

G R A B C D
OG 10.6 0.5 0.5213 1.0133 1.0642 0.6927
DGNI 2.4 0.7 0.5420 . 9866 1.1479 0.9097
Tw 3.6 C.6 0.3698 1.0408 1.0797 0.4607
TWNI 0.5 1.0 U.4556 9769 1.2159 0.846%
ww 5.0 1.3 0.4025 .9872 1.5053 0.9054
WWNI 0.7 l.2 0.4846 .9799 1.8495 1.219%

The annual SSF is then obtained from the sums of the monthly values, as tullows:

) ELS:T-‘ x DO

Annual SoF = - —_i"—;_mi

Here, DG, Tw, AND ww [ndlcate dlrect galn, Trombe wall, and water wall
respectively. NI Indicates nlght Insulation.

{




Most passive designs consist of a mixture the basic approaches. Few Trombe
walls are without some direct gain component. Most water walls are spread-apart
tubes or other containers which allow some airect heating. The recommenged
proredure is to compute a single SLR, based on the total solar gain through ali
glazing divided by the total thermal load, anc then compute a weighted-average
SSF. This is det-:='ned by computing a separate SS5F for each design approach
and averaging b:tween them hased on the relative proporiion of each glazea area.

Reference Designs

The correlation curves are determined for a set of "reference" configurations
defined as follows:

Double glazing, normal transmittance = 0.747 , 6.4 nm spacing
Night insulation (when used) is O 6% w/°CmZ; 5:00 pm to 8:00 am
Thermal Storage = 920000 J/°C per m¢ of glazing

water wall: eqgulvalent to 216 mm of water

Trombe wall: 450 mm thickness
Thermzl conductivity = 1.73 w/moC
Trambe wall has vents, upper and lower, each 3% of the wall area,
having backdraft dampers.
Direct Galn = exposed surface = 3 x glazed =:iea

150 mm thickness

Other nuilding mass ls negligible
wall-to--oom conductancr = 5.7 w/9C m2

Auxiliary maintains an intermal building temperature above 18.30C. Heat ls
aumped to maintain the building tewperature below 23.99C. No internal
huilding heat generation.

Estimating the Etfect of variations in Design Parameters

The effect of chanaing a design parameter (uther than the area ot yglazing) car be
assessed by studying the published results of hour-by-hour caicuiations in wnich
the various paramet~rs are varled one at a time. These are giver 1n Reterence 8.
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